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57] ABSTRACT

When a subject pixel has been turned OFF, an accumulated
error value 1s calculated based on binary conversion. Then,
the sum of the accumulated error value and the binary
conversion error for the subject pixel 1s compared with a
predetermined value. When the sum 1s less than the prede-
termined value, the binary conversion error for the subject
pixel 1s multiplied with a coeflicient so that the absolute
value of the binary conversion error 1s decreased. Then, the
absolute-decreased error 1s distributed to unprocessed neigh-
boring pixels according to an error distribution matrix. Then,
the binary conversion error for the subject pixel 1s stored in
a working memory as a binary conversion error for the s-th
pixel to be used 1 the process of the next pixel.
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METHOD OF CONVERTING CONTINUOUS
TONE IMAGE INTO PSEUDO-HALFTONE
BINARY IMAGE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method of converting
continuous tone 1mages 1nto pseudo-halftone binary images
through an error distribution binary conversion method.

2. Description of Related Art

An error diffusion binary conversion process has been
proposed by Floyd, et al. in “An Adaptive Algorithm for
Spatial Greyscale,” SID 17 [1976]. This error diffusion
binary conversion process can convert a natural image
comprised of plural tone levels 1nto a high quality binary
image.

SUMMARY OF THE INVENTION

It 1s conceivable to provide a method of FIG. 1 for
converting continuous tone i1mages into pseudo-halftone
images with the error diffusion binary conversion method as
described below.

When the process i1s started, an error buifer, to be
described later, 1s 1nitialized to have zero values, and the
following processes are started.

First, variables x and y are initialized to zero (0) in S1 and
S2. The variables x and y are for defining a subject pixel
position (X, y) of the continuous tone image whose density
I 1s to be converted 1nto a binary value. It 1s noted that a main
scanning direction x 1s defined along each pixel line, and an
auxiliary scanning direction y 1s defined to be perpendicular
to the main scanning direction X. During this process, the
pixel lines (main scanning lines) are processed from top to
bottom 1n the auxiliary scanning direction y. In each pixel
line, the pixels are processed from left to right along the
main scanning direction.

Then, input density I(x,y) (where 0=I=255) for the
subject pixel (x, y) of the input continuous tone image is
retrieved 1n S3. Then, an error sum e(x, y) 1s retrieved from
a corresponding memory location (x, y) in the error buffer.
The error sum e(x,y) is an accumulated amount of errors
distributed from already-processed neighboring pixels. The
density value I(x, y) 1s then modified by the error sum e(Xx,
y) in S4. That is, a modified density I'(x, y) is calculated
through the following formula (1):

(1)

Then, in S6, the modified density I'(x, y) 1s compared with
a predetermined binarization threshold value T. When I'(x,
y)=T (no in S6), the subject pixel is turned ON in S12. That
1s, the subject pixel density i1s converted into an output
density value O(x,y) of one (1). When I'(x, y)<T (yes in S6),
on the other hand, the subject pixel is turned OFF 1n S7. That
1s, the subject pixel density i1s converted into an output
density value O(x,y) of zero (0).

Then, a binary conversion error E(X, y) is calculated for
the subject pixel (x, y) in the following formula (2):

I'(x, y)=I(x, y)+e(x, y)

(2)

where O(X, y) 1s set to 255 when O(X, y) has been set to
ON (1) 1n S12, and O(x, y) is set to zero (0) when O(X, y)
has been set to OFF (0) in S7.

E(XJ y)=fl(x:f y)_O(x: y)
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Thus produced binary conversion error E(X, y) is then
distributed to the error buffer at a location (x+i, y+) for each
of neighboring twelve pixels not yet processed. The binary
conversion error 1s distributed to the neighboring pixels in a
welghted basis defined by a predetermined error diffusion
matrix Bmat( ) through the following formula (3):

e(x+i, y+j)+=Bmat(i,j)xE(x, y) (3)

wherein += 1s an operator for calculating a sum of a
distributed fraction of the error E(X, y) and a value already
stored in the error buffer (x+i, y+4j) and for storing the
calculated sum 1nto the same error bufler (x+1 y+]). A
representative example of the matrix Bmat ( ) is shown in
FIG. 2. In the matrix Bmat( ), * indicates a subject pixel
position (X, y), and each value in the matrix indicates a
coefficient to be multiplied with the error E(x, y) before
being distributed to a neighboring pixel (x+1, y+j), which is
located relative to the subject pixel (x, y) as shown in the
matrix. The thus distributed error fractional portion 1s accu-
mulated in a corresponding memory location (x+1, y+j) in
the error buffer according to the formula (3). For example,
the next pixel (x+1, y) on the same pixel line with the subject
pixel (X, y) receives a 74s™ part of the error E(x, y). The 74s™
part of the error E(x, y) is therefore accumulated in the
correspondmg memory location (x+1, y) of the error buffer.

Next, in S10, 1t 1s judged whether or not all the pixels 1n
the present pixel line along the main scanning direction (X
direction) have been processed. When any pixels remain
unprocessed (no in S10), a pixel position is shifted to the
next pixel position (x+1, y) in S13, and the process returns
to S3. Then, the process from S3 1s repeated. When all the
pixels have been processed in the subject pixel line (yes in
S10), on the other hand, it 1s judged in S11 whether or not
all the pixels 1n the nput image have been processed. When
any pixels remain unprocessed (no in S11), the pixel position
1s shifted to the next pixel line 1n the auxiliary scanning
direction y 1n S14. Then, the process returns to S2. Then, the
process from S2 1s repeated. When all the pixels have been
processed (yes in S11), this process ends. Thus, the inputted
continuous tone 1mage 1s completely converted into a
pseudo-halftone 1mage.

It 1s noted that the threshold value T employed 1n the
above-described error diffusion process 1s set to a value of
about 50% of the highest density value inputtable as a
density for inputtable continuous tone 1mages. In this
example where the input density I is in a range of zero (0)
to 255, the threshold T 1s set to about 128. Pixels 1n a
relatively-high density region 1n the input image are likely to
be converted into ON (1) in S12. Binary conversion errors
E(x,y) are likely to become negative values according to the
formula (2) during the binary conversion process for pixels
in high density regions. The fractional portions of the
negative errors are then distributed to error buffers for
neighboring pixels. Accordingly, the error buflfers for pixels
neighboring to the high density regions are likely to be
accumulated with negative values with large absolutes.

It 1s now assumed that the mput continuous tone 1mage
has two density regions A and B shown in FIG. 3(a). The
region A presents a uniform high density, and the region B
presents a uniform density lower than that of the region A.
The high density region A 1s located in an upper side of the
region B 1n the auxiliary scanning direction y. Accordingly,
when this 1mage 1s subjected to the binary conversion
process of FIG. 1, pixels in the region A are subjected to the
error conversion process immediately before pixels in the
region B. It 1s noted that the region B includes an upper side
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arca D which 1s located directly below the region A. Pixels
in this areca D will therefore be subjected to the binary
conversion process of FIG. 1 directly after the pixels in the
region A. In other words, the pixels 1n the area D will be
affected by errors distributed from the region A directly or
indirectly. The error buifers for the pixels in the area D will
therefore be accumulated with negative values with rela-
fively large absolutes. Being affected with the large-absolute
negative errors distributed from the region A, pixels 1 the
arca D will likely be turned OFF. As a result, a rate of the
number of turned-OFF pixels relative to the total number of
pixels in the area D will greatly decrease in comparison with
remaining areas in the region B.

More specifically, the input image of FIG. 3(a) is con-
verted mto a pseudo-halftone binary image shown in FIG.
3(b) through the binary conversion process of FIG. 1. The
high density region A 1s converted 1nto a high density region
“a”. The low density region B 1s converted into a low density
region “b”. In this image of FIG. 3(b), a portion “d”
corresponds to the arca D and becomes entirely white
regardless of the original density of the area D (i.e., the
original density of the region B). Accordingly, the region “b”
in the binary image of FIG. 3(b) fails to present a uniform
density. The quality of the pseudo-halftone 1image of FIG.
3(b) becomes considerably low.

It 1s therefore an object of the present invention to provide
an 1mproved method for converting continuous halftone
images 1nto pseudo-halftone 1mages through using the error
diffusion binary conversion method while negating disad-
vantages obtained due to accumulation of negative errors
diffused from high density regions into low density regions.

In order to attain the above and other objects, the present
invention provides a method for converting continuous tone
image data into pseudo-halftone 1mage data, the method
comprising the steps of: successively converting density
data of a plurality of pixels arranged 1n a continuous tone
image 1nto binary values of ON and OFF through comparing
the subject pixel densities with a predetermined threshold
value, with binary conversion errors defined between the
original pixel density and the binary-converted pixel density
being affected onto unprocessed neighboring pixels at a
degree; and adjusting the degree, at which the binary con-
version error obtained at each subject pixel 1s affected to its
neighboring unprocessed pixels, dependently on a state of
binary conversion errors obtained for already-processed
pixels located adjacent to the subject pixel.

According to another aspect, the present 1nvention pro-
vides a program storage medium for storing data of a
program 1ndicative of a process for converting continuous
fone 1mage data into pseudo-halftone 1mage data, the pro-
gram comprising: a program ol successively converting
density data of a plurality of pixels arranged 1n a continuous
tone 1mage into binary values of ON and OFF through
comparing the subject pixel densities with a predetermined
threshold value, with binary conversion errors defined
between the original pixel density and the binary-converted
pixel density being affected onto unprocessed neighboring
pixels at a degree; and a program of adjusting the degree, at
which the binary conversion error obtained at each subject
pixel 1s affected to 1its neighboring unprocessed pixels,
dependently on a state of binary conversion errors obtained
for already-processed pixels located adjacent to the subject
pixel.

According to still another aspect, the present invention
provides a printer for converting continuous tone 1mage data
into pseudo-halftone 1mage data and for printing the pseudo-
halftone 1mage, the printer comprising: means for succes-
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sively converting density data of a plurality of pixels
arranged 1n a continuous tone 1image 1nto binary values of
ON and OFF through comparing the subject pixel densities
with a predetermined threshold value, with binary conver-
sion errors defined between the original pixel density and the
binary-converted pixel density being affected onto unproc-
essed neighboring pixels at a degree; means for adjusting the
degree, at which the binary conversion error obtained at each
subject pixel 1s affected to its neighboring unprocessed
pixels, dependently on a state of binary conversion errors
obtained for already-processed pixels located adjacent to the
subject pixel; and means for printing a pseudo-halftone
image based on the binary value obtained for each pixel.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of
the 1nvention will become more apparent from reading the
following description of the preferred embodiment taken in
connection with the accompanying drawings in which:

FIG. 1 1s a flow chart of a conceivable error diffusion
1mage CONversion process;

FIG. 2 1llustrates a structure of an error diffusion matrix
employed 1n the process of FIG. 1;

FIGS. 3(a) and 3(b) illustrate how a leading end in a low
density region, located immediately after a high density
region, 1s converted into an undesirable white area, 1n which
FIG. 3(a) illustrates an original continuous tone 1mage, and
FIG. 3(b) illustrates a pseudo-halftone image, into which the
image of FIG. 3(a) is converted;

FIG. 4 1s a block diagram of an 1image data conversion
device of a first embodiment of the present 1nvention;

FIG. 5 1s a flow chart of an error diffusion 1image con-
version process of the first embodiment;

FIG. 6 1s a flowchart of an error diffusion process in the
process of FIG. 5;

FIG. 7 1s a flowchart of a part of the error diffusion
process according to a second embodiment;

FIG. 8 1s a flowchart of a minimized average error
method-employed 1image conversion process according to a
third embodiment;

FIG. 9 1s a flowchart of an error storage process 1n the
process of FIG. 8;

FIG. 10 illustrates an error distribution matrix Cmat( )
used 1n the process of FIGS. 8 and 9; and

FIG. 11 1s a block diagram of a printer according to a
modification of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

First, the principle of the present mvention will be
described 1n greater detail.

According to the present invention, pixels 1in a continuous
tone 1mage are successively converted into binary values of
ON and OFF through comparing the subject pixels with a
predetermined threshold value. Binary conversion errors
obtained between the original pixel density and the binary-
converted pixel density are affected onto unprocessed neigh-
boring pixels. The degree, at which the binary conversion
error obtained at the subject pixel 1s affected to the neigh-
boring unprocessed pixels, 1s adjusted dependently on a state
of binary conversion errors obtained at already-processed
pixels that are adjacent to the subject pixel.

It 1s noted that the positional relationship between the
subject pixel and the already-processed adjacent pixels may
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be determined differently from the positional relationship
between the subject pixel and the neighboring unprocessed
pixels.

For example, the already-processed adjacent pixels can be
defined as several pixels that are successively arranged
along the main scanning direction and that are located
preceding the subject pixel. It 1s assumed that the number of
the preceding successive pixels is N (where N is an integer
higher than zero (0)). The N number of successive pixels

have been processed one by one along the main scanning
direction from a leading end pixel toward a trailing end pixel
through the N number of times’ worth of binary conversion
processes. The trailing end pixel 1n the successive pixels 1s
located immediately preceding the subject pixel in the main
scanning direction, and therefore has been processed imme-
diately before the subject pixel. The leading end pixel is
located 1n an upstream side of the trailing end pixel and 1is
away from the trailing end pixel by the (N-1) pixels’ worth
of positions. For example, the already-processed adjacent
preceding pixels may be defined by twelve, at maximum,
successive pixels (x-12, y), (x-11, y), . . ., and (x-1, y) that
are located immediately prior to the subject pixel (x, y) and
that are located 1n the same pixel line with the subject pixel
(X, ¥);

The state of the binary conversion errors obtained at the
already-processed adjacent pixels may be indicated by a sum
of the binary conversion errors obtained at the already-
processed adjacent pixels. Or, the state of the binary con-
version errors may be indicated by a sum of the binary
conversion errors obtained at the already-processed adjacent
pixels and the binary conversion error produced at the
subject pixel. When the sum of the errors 1s lower than a
predetermined negative value, the degree, at which the
binary conversion error 1s affected to the neighboring
unprocessed pixels, may be preferably decreased. That 1s,
when the sum of the binary conversion errors obtained at the
already-processed adjacent pixels has a negative value
whose absolute being larger than a certain amount, it can be
estimated that those already-processed adjacent pixels have
been originally located 1n a relatively high density region.
The already-processed adjacent pixels therefore include a
larce number of turned-ON pixels. If the subject pixel is
located within or adjacent to a low density region that is
located following the high density region, the subject pixel
will be undesirably converted 1into a white dot regardless of
its original density. As a result, an undesirable whitened arca
will be produced at the subject pixel and at its neighboring,
unprocessed pixels.

According to the present invention, therefore, the binary
conversion error, occurred at the subject pixel, 1s not entirely
alfected onto its neighboring unprocessed pixels. However,
adjustment 1s performed to decrease the effects of the subject
pixel error onto the neighboring unprocessed pixels. For
example, adjustment may be performed so as to decrease the
absolute value of the binary conversion error occurred at the
subject pixel before distributing the binary conversion error
to neighboring unprocessed pixels. The error may be mul-
tiplied by a positive coefficient lower than one (1). Or, the
error may be added with a positive value. The error may not
be distributed to the neighboring pixels at all. In other words,
the error may be changed to zero (0).

Thus, the adjustment provided according to the present
invention can decrease the effects of the negative error onto
neighboring unprocessed pixels. This adjustment can be
employed 1n the error diffusion binary conversion process.
That 1s, the adjustment 1s performed when the binary con-
version error, occurred at the subject pixel, 1s to be distrib-
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6

uted to neighboring unprocessed pixels immediately after
the density at the subject pixel 1s converted 1nto a binary
value. For example, density data of each pixel may be
converted 1nto a binary value through comparing the pixel
density, modified by an error diffused from 1its already-
processed neighboring pixels, with a predetermined thresh-
old value through the error diffusion method. The binary
conversion error may be diffused as 1t 1s to its unprocessed
neighboring pixels when the sum of the binary conversion
errors for the already-processed adjacent pixels 1s judged as
cequal to or higher than the predetermined negative value.
The binary conversion error may be multiplied by the
predetermined coefficient before being diffused to its
unprocessed neighboring pixels when the sum of the binary
conversion errors for the already-processed adjacent pixels
1s judged as lower than the predetermined negative value.
The neighboring unprocessed pixels for the subject pixel (x,
y) may be defined by twelve pixels (x+1, y), (X+2, y), (x-2,
y+1), (x-1, y+1), (%, y+1), (x+1, y+1), (x+2, y+1), (x-2,
y+2), (x-1, y+2), (X, y+2), (x+1, y+2), and (x+2, y+2), for
example. The already-processed adjacent pixels for the
subject pixel (X, y) may be defined by twelve, at maximum,
successive pixels (x-12, y), (x-11, y), . . ., (x-2, y), and
(x—1, y), for example.

The adjustment can be employed 1n other various types of
error distributing binary conversion methods. For example,
the adjustment can be employed 1n an minimized average
error method. That 1s, the adjustment can be performed so
that each of the neighboring unprocessed pixels will receive
a fraction of the adjusted binary conversion error occurred at
the subject pixel before the neighboring unprocessed pixel is
converted 1nto a binary value. For example, density data of
cach pixel may be converted into a binary value through
comparing the pixel density, modified by errors distributed
from 1its already-processed neighboring pixels, with a pre-
determined threshold value through the minimized average
error method. Then, a binary conversion error obtained for
the subject pixel may be stored as 1t 1s when the sum of the
binary conversion errors for the already-processed adjacent
pixels 1s judged as equal to or higher than the predetermined
negative value. The thus stored binary conversion error will
be used when the unprocessed neighboring pixels are con-
verted mnto binary values. The binary conversion error may
be multiplied by the predetermined coeflicient before being
stored when the sum of the binary conversion errors for the
already-processed adjacent pixels 1s judged as lower than the
predetermined negative value. The thus adjusted and stored
binary conversion error will be used when the unprocessed
neighboring pixels are converted into binary values. The
sign of the adjusted binary conversion error may be
reversed, and the sign-reversed adjusted binary conversion
error may be further distributed back to the already-
processed neighboring pixels. The thus distributed error will
be used together with the binary conversion errors obtained
at the already-processed neighboring pixels when the
unprocessed neighboring pixels are converted into binary
values. The already-processed neighboring pixels for the
subject pixel (X, y) may be defined by twelve pixels (x-2,
y—Z), (X_lr y—2), (Xr y—Z), (X'I'l: y—2), (X'I'Z: y—2), (X_za
y_l)? (X_lr y_l)? (X: y_l)? (X'I'l: y_l)? (X+2: y_l)? (X_zr Y):
and (x-1, y), for example. The already-processed adjacent
pixels for the subject pixel (x, y) may be defined by twelve,
at maximum, successive pixels (x-12, y), (x-11, y), . . .,
(x-2, y), and (x-1, y), for example.

When a continuous tone 1image 1s subjected to any error
distributing binary conversion methods employed with the
above-described adjustment operation, the resultant pseudo-
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halftone 1mages will not be formed with any undesirable
white areas at a transition area from a high density region
toward a lower density region. Or, even when the undesir-
able white area 1s produced at the transition area, the white
arca will not appear noticeably. The pseudo-halftone 1images
will have desirable high quality.

Only when the subject pixel 1s turned OFE, a calculation
processing may be performed to calculate the sum of the
binary conversion errors occurred at the already-processed
adjacent pixels. The sum 1s indicative of the binary error
state of the already-processed adjacent pixels. When the
subject pixel 1s turned ON, on the other hand, the binary
conversion error sum for the already-processed adjacent
pixels may be set to zero (0). Then, it may be judged whether
or not the binary conversion error sum for the already-
processed adjacent pixels 1s smaller than a predetermined
negative value. When the binary conversion error sum 1s
smaller than the predetermined negative value, it can be
confirmed that the subject pixel 1s located 1n a transition area
from a high density region toward a low density region.
More specifically, it can be confirmed that the subject pixel
1s located 1 a leading end of the low density region and
therefore 1s processed immediately after pixels in the high
density region. According to the present invention, when the
subject pixel 1s confirmed to be located at the transition
position, the adjustment may be performed so as to decrease
the absolute value of the negative error, occurred at the
subject pixel, before distributing the error to remaining
unprocessed pixels in the low density region. It 1s therefore
possible to prevent the large-absolute negative error from
being largely distributed to the remaining unprocessed pix-
cls 1n the low density region. It 1s possible to prevent
occurrence of the undesirable whitened area.

The above-described binary conversion method may be
preferably stored as data of a program which will be
executed by a computer system. The program data may be
previously stored 1n a data storage medium such as a floppy
disk, a magnetooptic disk, or a CD-ROM. The program may
be loaded into the computer system as required. Or, the
program may be stored 1n a data storage medium such as a
ROM or a back up RAM. The data storage medium may be
installed 1nto the computer system.

The method for converting continuous tone 1mages 1nto
pseudo-halftone 1mages according to preferred embodi-
ments of the present invention will be described below while
referring to the accompanying drawings wherein like parts
and components are designated by the same reference
numerals.

A first embodiment will be described below with refer-
ence to FIGS. 4 through 6.

FIG. 4 1s a block diagram of a continuous tone 1mage data
conversion device 2 for performing the continuous tone
image conversion method of the present embodiment. More
specifically, the device 2 1s provided to convert input con-
finuous tone 1mages formed with 256 different tone levels O
to 255 mto binary pseudo-halftone output images through
the 1mage conversion method of the present embodiment.

A main part of the 1image conversion device 2 1s con-
structed from a computer. The computer includes: a CPU 12;
a program memory 13 constructed from a ROM; a threshold
storage portion 14 constructed from a RAM; an error
distribution matrix storage memory 15 constructed from
another RAM; an error buffer 16 also constructed from
another RAM; an mput image memory 17 also constructed
from another RAM; an output image memory 18 constructed
from still another RAM; and a working memory 19 con-
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3

structed from another RAM. The respective elements 12
through 19 are connected to one another via a bus line 20 to
exchange control signals and data signals therebetween.

The 1mage conversion device 2 1s further provided with:
input/output elements, such as a keyboard 21, a mouse
device (not shown), and a display 22, which are required for
the device 2 to perform a computing operation; an external
data storage device 23 such as a hard disk drive and a floppy

disk drive; and a printer 24. These elements 22 through 24
are also connected to the elements 12—19 via the bus 20.

The program storage portion 13 previously stores therein:
data of a basic program required for the device 2 to perform
a computing operation; data of a program of an error
diffusion 1image conversion process as shown 1n FIGS. § and
6 for (converting continuous tone images into pseudo-
halftone binary images; and data of other various processing
programs. Each program 1s executed by the CPU 12 when
required. It 1s noted that data of those programs may be
previously stored 1n a floppy disk, a magnetooptical disk, a
CD-ROM or the like. When required, data of the programs
1s retrieved from these data storage media by the operation
of the external data storage device 23 and 1s written into the
working memory 19.

The threshold storage portion 14 1s for storing a threshold
IP to be used 1n the error diffusion image conversion process
of FIGS. § and 6. The error distribution matrix storage
portion 15 previously stores therein the error diffusion
matrix Bmat( ) shown 1 FIG. 2. As shown in FIG. 2, the
error distribution matrix Bmat( ) indicates: neighboring
pixels, to which fractions of a binarization error, occurred at
a certain pixel (indicated by the mark *) during the error
diffusion 1image conversion process of FIGS. § and 6, should
be distributed; and distribution rates at which the error
fractions are distributed to the neighboring pixels.

The error buifer 16 is for storing error fractions distributed
to each pixel from 1its neighboring pixels. The input image
data storage portion 17 1s for storing therein density data of
a confinuous tone 1mage nputted from the external storage
clement 23 or the like to be converted 1nto a pseudo-halftone
image. Density of each pixel is in a range of zero (0) to 255.
The output image data storage portion 18 1s for storing
theremn pseudo-halftone 1mage data which 1s obtained when
the continuous tone 1mage data 1n the storage portion 17 1s
subjected to the error diffusion 1mage conversion process of
FIGS. 5 and 6. When required, the thus obtained pseudo-
halftone 1mage data 1s displayed on the display 22 or is
recorded by the printer 24.

With the above-described structure, the device 2 of the
present embodiment converts a continuous tone 1mage 1nto
a pseudo-halftone 1mage through the error diffusion image
conversion method of FIGS. 5 and 6. During the error
diffusion 1mage conversion process, each pixel density value
1s compared with the predetermined threshold value T
retrieved from the memory 14. Based on the compared
result, the pixel density value 1s converted mto a binary
value. An error occurred through the binarization operation
1s alfected to neighboring pixels not yet processed.

The error diffusion 1mage conversion process of the
present embodiment will be described below with reference
to FIGS. 5 and 6. This process 1s executed by the CPU 12
to convert density data of a continuous tone 1mage stored 1n
the mput 1mage data memory 17 into data of a pseudo-
halftone 1mage.

When the error diffusion 1mage conversion process 1S
started, variables x and y are first initialized to zero (0) in

S110 and S120. The variables x and y are for defining a
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subject pixel position (X, y) of a continuous tone image
whose density I 1s to be converted mto a binary value. It 1s
noted that a main scanning direction x 1s defined along each
pixel line, and an auxiliary scanning direction y 1s defined
perpendicular to the main scanning direction x. During the
process of FIGS. § and 6, the pixel lines (main scanning
lines) are processed from top to bottom in the auxiliary
scanning direction y. In each pixel line, the pixels are
processed from left to right along the main scanning direc-
fion.

Then, in S130, input density I(x,y) (where 0=1=255) of
a subject pixel (X, y) in the continuous tone image is
retrieved from the memory 17.

An error sum (X, y) 1s retrieved from a corresponding
memory location (X, y) in the buffer memory 16. The error
sum ¢(X,y) 1s an accumulated amount of errors distributed
from already-processed neighboring pixels.

The density value I(x, y) 1s then modified by the error sum
e(X, y) in S140 through the already-described formula (1).
That is, I'(x, y)=I(x, y)+¢ (X, y). Then, in S150, the modified
density I'(x, y) is compared with the threshold T which has
been retrieved from the memory 14. The threshold value T
1s 128, for example.

When I'(x, y)Z2T (no in S150), the subject pixel is turned
ON 1n S170. That 1s, the subject pixel density 1s converted
into an output density value O(x,y) of one (1). When I'(x,
y)<T (yes in S150), on the other hand, the subject pixel is
turned OFF 1n S160. That 1s, the subject pixel density is
converted into an output density value O(x,y) of zero (0).
The thus obtained output density value O(x,y) is stored in
the output 1mage data memory 18 as pseudo-halftone binary
image data. While the processes from S120-5220 are
repeated, therefore, the density values O(x,y) of successive
serics of pixels are stored in the memory 18.

Next, in S180, a binary conversion error E(x, y) 1is
calculated for the subject pixel (x, y) through the already-
described formula (2). That is, E(x, y)=I'(x, y)-O(%, y)
where O(X, y) 1s set equal to 255 when O(Xx, y) has been set
to ON (1) 1n S170, and O(x, y) is set equal to zero (0) when
O(x, y) has been set to OFF (0) in S160.

Then, the thus produced binary conversion error E(X, y) is
distributed to neighboring pixels 1n S190.

It 1s noted that during the error distribution process of
S190, the binary conversion error E(x, y) is stored in the
working memory 19 as one of twelve errors ERR(1) through
ERR(12). When the subject pixel (x, y) is located at the
leading end in each pixel line, that is, (x, y)=(0, y), the
corresponding error E(0, y) is Stored as a first error ERR(1).
When the subject pixel is the second plxel (1, y) in one pixel
line, the corresponding error E(1, y) is stored as a second
error ERR(2). Thus, when the x-coordinate of the subject
pixel (x, y) is in a range of 0 to 11, the corresponding error
E(x, y) is stored as a s-th error ERR(s) where 1=s(=x+1)
=12. Then, as the x-coordinate of the subject pixel (x, y)
increases further one by one, the corresponding error E(x, y)

will be always stored as the twelfth error ERR(s) where
s=12, and the errors E(x-12, y) through E(x-1, y), which are
already stored as the errors ERR(1) through ERR(12) in the
working memory 19, will be shifted one by one to values
ERR(0) through ERR(11). Thus, the values ESS(s) are

stored 1n thirteen memory areas which are used cyclically at
a unit of thirteen (13).

During the process of S190, before the error E(x, y) for

the subject pixel (X, y) is thus stored as the corresponding
error ERR(s) (where s=x+1 if 0=x=11 and s=12 where
12=x), an accumulated error ES is calculated for errors
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obtained at some preceding pixels that are successively
arranged adjacent to and immediately prior to the subject
pixel (X, y). The accumulated error ES may possibly be
calculated for errors obtained at twelve, at maximum, pre-
ceding pixels (x-13, y) through (x-1, y).

This error distribution process of S190 will be described
below 1n greater detail with reference to FIG. 6.

First, 1t 1s judged 1n S310 whether or not the subject pixel
(X, y) has been turned ON in S170. When it is judged in S310
that the subject pixel has been turned ON (yes in S310), the
accumulated error value ES is cleared to zero (0) in S320.
Then, the program proceeds to S330. When the subject pixel
has been turned OFF in S160 (no in S310), on the other
hand, the accumulated error value ES 1s calculated for the
subject pixel (x, y) in S315. That is, the present value of the
accumulated error ES, which has been calculated at the
preceding pixel (x-1, y) during the latest routine of
S130-S210, 1s added with the binary conversion error E(x—
1, y), which has been obtained at the preceding pixel (x-1,
y) and which has been set as the value ERR(s) in the latest
routine. If the thus calculated value ES becomes accumula-
tion of errors E(x-13, y) through E(x-1, y) which have been
obtained at the preceding successive thirteen pixels (x—13,
y)—(x-1, y), the binary conversion error E(x-13, y), which
is now set as the value ERR(s-12), 1s subtracted from the
sum of the value ES and the binary conversion error E(x-1,
y). Then, the program proceeds to S330.

Thus, the accumulated error value ES 1s calculated for the
subject pixel (x,y) in S320 and S3185 differently according to
the judgment result in S310. The accumulated error value ES
1s defined as a total value of binary conversion errors E that
have been obtained for twelve or less number of pixels that
are processed prior to the subject pixel (x, y) and that are

arranged in the same pixel line with the subject pixel (x, y)
along the main scanning direction. In this example, the
accumulated error value ES 1s defined as a total value of
binary conversion errors E obtained for one or more suc-
cessive pixels that are arranged 1n the same pixel line with
the subject pixel (x, y) and that have been processed
immediately prior to the subject pixel. Those one or more
successive pixels are defined as already-processed succes-
sive pixels located adjacent to and located preceding the
subject pixel. The number of the already-processed adjacent
preceding pixels 1s twelve at maximum. That 1s, when
twelve or more successive pixels preceding the subject pixel
(X, y) along the main scanning direction x have been turned
OFF, the accumulated error ES calculated in S315 becomes
equal to the sum of errors E(x-12, y) through E(x-1, y)
obtained for the twelve successive preceding pixels (x—12,
y) to (x-1, y). When only two successive pixels (x-2, y) and
(x—1, y) have been successively turned OFF prior to the
subject pixel (X, y), the accumulated error ES becomes equal
to the sum of the errors E(x-3, y) through E(x-1, y), which
are obtained for only three successive preceding pixels (x-3,
y) to (x-1, y), wherein the pixel (x-3, y) has been turned ON
for the last time before the subject pixel (x, y). To
summarize, when i-number of successive pixels (x-1, y)
through (x-1, y) have been turned OFF prior to the subject
pixel (x, y) where 11s an integer (1=1=11), the accumulated
error ES, calculated in S315, becomes equal to the sum of
errors E(x—(i+1), y) through E(x-1, y), which are obtained
for (1+1)-number of successive preceding pixels (x—(i+1), y)
through (x-1, y), wherein the pixel (x-(i+1), y) has been
turned ON for the last time before the subject pixel (x, y).
When the preceding pixel (x-1, y) is turned ON and the
subject pixel (x, y) is turned OFF, the accumulated error ES
becomes equal to E(x-1, y).
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Then, the program proceeds to S330. In S330, 1t 1s judged
whether or not a sum of the present accumulated error ES,
determined 1n S315 or S320, and the binary conversion error
E(x, y) calculated in S180 for the subject pixel (x,y) is
smaller than a predetermined value ESM. This predeter-
mined value ESM 1s fixed as a negative value. Representa-
five examples for the value ESM are —500 and —480. It 1s
noted that response at the judgment of S330 can be adjusted
through changing the value ESM or the possible maximum
number of the already-processed adjacent preceding pixels
from twelve (12).

When ES+E<ESM (YES in S330), the binary conversion

error E(X, y) for the subject pixel (x, y) 1s multiplied with a
coellicient k where O<k<1. For example, k 1s equal to 0.25.
Thus, the absolute value of the binary conversion error E(X,
y) 1s decreased. The thus absolute-decreased binarization
error “E(X, y)xk” 1s then distributed to an error buffer (x+i,
y+]) for each of neighboring twelve pixels not yet processed.
That is, the absolute-decreased error “kxE(x, y)” is distrib-
uted to the neighboring unprocessed twelve pixels 1 a
welghted basis defined by the predetermined error diffusion
matrix Bmat ( ) as expressed by the following formula (4):

e(x+i, v+j)+=Bmat(i,j)IxE(x, y)xk (4)

wherein += 1s an operator for calculating a sum of a
distributed fraction of the adjusted error “kxE(X, y)” and a
value already stored in the error buffer (x+1, y+j) and for
storing the calculated sum in the error buffer (x+1, y+j). A
representative example of the matrix Bmat (,) is shown in
FIG. 2. Thus, the fractions of the adjusted error “kxE(x, y)”

are distributed to the twelve neighboring unprocessed pixels
(x+1, y), (x+2, y), (x=-2, y+1), (x-1, y+1), (x, y+1), (x+1,
y+1), (x+2, y+1), (x=-2, y+2), (x-1, y+2), (X, y+2), (x+1,
y+2), and (x+2, y+2).

When ES+EZESM (no in S330), on the other hand, the
binarization error E(x, y) 1s not changed, but is distributed to
the neighboring twelve pixels in S350. That is, the error E(X,
y) is distributed to the neighboring twelve unprocessed
pixels in the weighted basis defined also by the predeter-
mined error diffusion matrix Bmat ( ) of FIG. 2 as expressed
by the following formula (5):

e(x+i, y+j)+=Bmat(i,j)xE(x, y) (5)

Thus, the fractions of the error E(x, y) are distributed to
the twelve neighboring unprocessed pixels (x+1, y), (x+2,
y), (x=2, y+1), (x-1, y+1), (x, y+1), (x+1, y+1), (x+2, y+1),
(x-2, y+2), (x-1, y+2), (X, y+2), (x+1, y+2), and (x+2, y+2).

Next, in S360, the binarization error E(x, y) for the subject
pixel (x, y) is stored as a newly-determined error value
ERR(s) in the working memory 19. It is noted that when the
x-coordinate of the subject pixel (X, y) 1s lower than twelve
(12), the binarization error E(Xx, y) is set to the value ERR(s)
(where s=x+1). When the x-coordinate of the subject pixel
(X, y) is equal to or higher than twelve (12), the present
values ERR(1) through ERR(12) which have been set in.
S360 of the latest routine are shifted one by one to ERR(0)
through ERR(11), and the present binarization error E(x, y)
is set to the value ERR(12).

Thus, the error distribution process of S190 1s completed.
When the error distribution process of S190 i1s completed,
the program proceeds to S200 where it 1s judged whether or
not all the pixels in the present pixel line along the main
scanning direction (X direction) have been processed. When
any pixels remain unprocessed (no in S200), a pixel position
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is shifted to the next pixel position (x+1, y) in the same pixel
line 1n S210. That 1s, X 1s incremented by one. Then, the
process returns to S130. The process from S130 1s repeated.

When all the pixels have been processed i the subject
pixel line (yes in S200), on the other hand, it is judged in
S220 whether or not all the pixels 1n the mput 1mage have
been processed. When any pixels remain unprocessed (no in
S220), the pixel position is shifted to the next pixel line in
the auxiliary scanning direction (y direction) in S230. That
1s, v 1s mncremented by one. Then, the process returns to
S120, and the process from S120 1s repeated. When all the
pixels have been processed (yes in S220), on the other hand,
this process ends.

At this time, the output image data memory 18 stores
therein binary density data O(x, y) set in S170 or S160 for
cach of all the pixel positions (x, y) of the input image. The
binary density data O(x, y) for all the pixel positions
represent a pseudo-halftone 1mage for the mputted continu-
ous tone 1mage.

As described above, mm S315 of the error distribution
process of S190, the accumulated error ES 1s added with the
binary conversion error ERR(s) for a pixel (x-1, y) that has
been processed immediately before the subject pixel (X, y).
If the accumulated error ES has already been a sum of errors
originated from twelve already-processed pixels (x-13, y)—
(x-2, y), the binary conversion error ERR(s—12), which has
been obtained at the pixel (x-13, y) that has been processed
oldest in the thirteen already-processed pixels (x-13, y)
through (x-1, y), is subtracted from the sum of the values
ERR(s) and ES. If the accumulated error ES has not yet been
accumulated with twelve errors, on the other hand, this
subtraction operation 1s not performed. Only the binary error
ERR(s) obtained at the preceding pixel (x—1, y) is added to
the accumulated error ES. Thus, the accumulated error ES 1s
calculated as accumulation of binary conversion errors ERR
which have been produced at twelve, at maximum, pixels
that are successively arranged preceding the subject pixel
along the main scanning direction.

Thus, according to the present embodiment, the accumu-
lated error ES 1s calculated through accumulating binariza-
tion errors E obtained for already-processed preceding
twelve, at maximum, pixels. When the sum of the accumu-
lated error ES and the binarization error E(x,y) for the
subject pixel becomes a negative value lower than the
predetermined value ESM, the absolute value of the bina-
rization error E(x,y) for the subject pixel is decreased before
the binarization error 1s distributed to neighboring unproc-
essed pixels.

More specifically, when the binary conversion process
enters from a high density region into a pixel line of a lower
density region, pixels on that pixel line are successively
turned OFF and the sum value ES+E becomes lower than the
value ESM. According to the present embodiment, the
absolute values of the binary conversion errors, obtained for
those pixels, are decreased in S340 before the binary con-
version errors are distributed to their neighboring pixels.
More specifically, pixels 1n the leading area of the low
density region have received i S140 fractions of errors
originated from the high density region. Those errors origi-
nated from the high density region are negative, and have
large absolute values. Accordingly, when those pixels 1n the
leading end of the low density region are converted into
binary values, binary conversion errors obtained for those
pixels become still negative and have large absolute values.
According to the present embodiment, therefore, the abso-
lute values of the binary conversion errors are decreased
before the binary conversion errors are distributed to
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unprocessed neighboring pixels. It 1s therefore possible to
prevent the large-absolute negative errors, originated from
the high density region, from being distributed as they are to
the low density region. It 1s therefore possible to prevent the
undesirable whitened area from being formed 1n the leading
arca of the low density region.

When densities of pixels in the high density region are
converted 1nto bmary values, the judgment 1 S310 will
highly possibly be affirmative and the absolute value of the
accumulated error ES will highly possibly be around a value
of zero (0). The judgment in S330 will become highly
possibly negative. Accordingly, the binary conversion errors
E(x, y) will be distributed as they are to their neighboring
unprocessed pixels in S350. Accordingly, the high density
region will not sutfer from any undesirable density changing
problem.

More specifically, if the judgment process of S310 and the
ES clearing process of S320 are not provided, many pixels
in the high density region will also be subjected to the
adjustment process of S340. This 1s because many pixels
will be turned ON 1n the high density region. Conversion
errors obtained in the high density region will therefore
become negative values with large absolutes. The sum value
ES+E will become lower than the predetermined value
ESM. Accordingly, many pixels will be subjected to the
adjustment process of S340. The adjustment process of S340
is equivalent to adding conversion errors E(x,y) with posi-
five values. The adjustment process of S340 will therefore
serve to distribute, to unprocessed neighboring pixels, errors
whose amounts are larger than original amounts which
should be distributed according to the original densities. The
possibility, that the neighboring pixels will be turned ON, 1s
oreatly increased. As a result, the number of pixels, which
are actually turned ON 1n the high density region, becomes
orcatly larger than the number of pixels which should be
turned ON according to the original density data I of the high
density region. The density of the high density region will
therefore become higher than the desired density. Consid-
ering this density changing problem, the processes S310 and
S320 are provided according to the present embodiment so
that pixels 1n the high density region will not be subjected to
the adjustment process of S340. Density of the high density
region can be reproduced into a desired accurate density.

When the conversion process enters from the high density
region to the low density region, the absolute values of the
binary conversion errors E are decreased 1in S340 before the
binary conversion errors E are distributed to neighboring
unprocessed pixels, thereby preventing the occurrence of the
undesirable whitened area. Afterward, when the processes
are succeeded to reach remaining areas in the low density
region, the judgment 1n S310 will highly possibly become
negative. However, the sum ES+E will not become a nega-
five value having a large absolute, and therefore the sum
value ES+E will become equal to or higher than the value
ESM. The judgment 1n S330 will become negative, and the
binary conversion errors E will be distributed as they are to
unprocessed neighboring pixels in S350. Density 1n those
arcas 1n the low density region, that are located away from
the high density region, can also be accurately reproduced.
The density in those arecas will not be undesirably increased
through the adjustment process of S340.

It 1s noted that when the subject pixel 1s turned ON and the
accumulated error ES 1s cleared at the subject pixel in S320,
accumulation of binary conversion errors 1nto the accumu-
lated error ES will be started when a pixel 1s turned OFF for
the first time thereafter. It 1s now assumed that a negative
error E is obtained and stored as a value ERR(s) at a pixel
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in a high density region, that the conversion process 1s then
transferred from the high density region toward a low
density region, and that pixels are successively turned OFF
in a leading area of the low density region. In this case, the
accumulated error ES will likely become a negative value
with a large absolute.

That is, when the subject pixel (x, y) 1s located within
some high density region, the subject pixel (x, y) is turned
ON. For the turned-ON pixel, the accumulated error ES 1s
cleared to zero (0) in S320. Accordingly, the judgment in
S330 becomes reliably negative. Pixels in the high density
region will not be subjected to the adjustment process of
S340. On the other hand, because of the processes of S310
and S320, pixels 1n the leading area of the low density region
will be reliably subjected to the adjustment process of S340.
If the processes of S310 and S320 are not provided, pixels
in the high density region will also be subjected to the
adjustment process of S340 as described already. As a result,
the absolute values of errors, obtained in the high density
region, are decreased. Accordingly, even after the process
enters the low density region, the accumulated error ES will
not become a negative value with a large absolute. Pixels in
the low density region will not be subjected to the adjust-
ment process of S340. Because the processes of S310 and
S320 are provided 1n the present embodiment, the accumu-
lated error ES will become a negative value with a large
absolute when the process enters the low density region. The
adjustment process of S340 can be reliably performed to
prevent the large-absolute negative error E(x, y) from being
entirely distributed to the low density region.

It 1s noted that when the subject pixel 1s turned ON 1n
S310 (yes 1n S310), the value ES is cleared to zero (0) in
S320, and therefore the negative judgment will likely occur
in S330. Thus, pixels in the high density region are reliably
subjected to the general error distribution process of S350.
It 1s noted, however, that almost the same effects can be
obtained when the process of S350 1s performed directly
after the atfirmative judgment 1n S310. In this case, every
time the process of S315 1s attained, accumulation calcula-
tion 1s achieved onto already-processed twelve preceding
pixels.

As described above, according to the present
embodiment, when the subject pixel has been turned OFF
(no in S310), the accumulated error value ES is calculated
based on the binary conversion error ERR 1n S315. Then, the
sum of the value ES and the binary conversion error E for
the subject pixel 1s compared with the predetermined value
ESM 1n S330. When the sum 1s less than the value ESM, the
binary conversion error E for the subject pixel 1s multiplied
with the coeflicient k so that the absolute of the value E 1s
decreased. Then, the absolute-decreased error E 1s distrib-
uted to unprocessed neighboring pixels according to the
error distribution matrix Bmat( ) in S340. Then, the error E
for the subject pixel 1s stored 1n S360 1n the working
memory 19 as a binary conversion error ERR(s) for the s-th
pixel to be used during the process S3135 for the next pixel.

A second embodiment will be described below 1n greater
detail with reference to FIG. 7.

This embodiment 1s the same as the above-described first
embodiment except that the process of S3135 1s not executed
in the present embodiment and that the process of FIG. 7 1s
attained 1n place of S360.

That 1s, after the process of S340 or S350 1s completed,
the present value of the accumulated error ES, which has
been calculated for the preceding pixel (x-1, y) 1s added
with the binarization error E(x, y) of the subject pixel in
S460. Then, it 1s judged 1n S470 whether or not the subject
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pixel (x, y) is a 8n-th pixel along the main scanning direction
X at the corresponding pixel line where n 1s an 1integer higher
than zero (0) and therefore 8n is a multiple of eight (8). In
other words, the process of S470 1s provided to judge
whether or not the x-coordinate of the subject pixel (x, y) 1s
cqual to any multiples of eight, that 1s, eight, sixteen, and etc.

When the x-coordinate is not equal to 8n (no in S470), the
error distribution process of S190 1s ended. When x 1s equal
to 8n (yes in S470), on the other hand, the accumulated error
ES 1s decreased to 1ts half value in S480.

Thus, according to the present embodiment, the accumu-
lated error ES 1s decreased as a half of the original value ES
when the subject pixel reaches the last pixel in every eight
successive pixels. In the first embodiment, 1t 1s necessary to
store at least twelve binary errors ERR 1n order to maintain
the present error values ERR for twelve, at maximum,
successive pixels for calculating the accumulated value ES.
According to the present embodiment, however, the accu-
mulated error ES may be merely decreased into a half of its
original value at the last pixel in every eight successive
pixels. Accordingly, there 1s no need to store the twelve
binary conversion errors ERR.

Also 1n the processes of S460 through 5480, almost the
same values as obtained in the first embodiment can be
obtained. Almost the same advantages are obtained as 1n the
first embodiment.

In the above-described first and second embodiments, the
judgment 1s performed based on accumulation of error
values ERR(s) for the preceding pixels that have been
successively processed immediately before the subject pixel.
This accumulation 1s performed onto twelve successive
preceding pixels located on the same pixel line with the
subject pixel. However, this accumulation can be performed
onto pixels located not only on the same pixel line with the
subject pixel but also on a pixel line preceding that pixel
line. The accumulation can be performed onto pixels on
more than two lines preceding the subject pixel line.

In the above description, it 1s judged whether the process
enters from a high density region toward a subsequent low
density region through merely judging the accumulated
value of the binary conversion errors ERR. However, 1t may
be judged whether the process enters from the high density
region toward the low density region through detecting a
pattern how the binary conversion error ERR changes as the
conversion process 1s performed onto successive pixels.
Based on this judgment, 1t may be possible to determine
which of the processes of S340 and S350 should be
executed.

In the first and second embodiments, the sum of the
accumulated error ES and the binary conversion error E of
the subject pixel 1s compared with the predetermined value
ESM. However, the accumulated error ES may not be added
with the binary conversion error E of the subject pixel. Only
the accumulated error ES may be compared with the pre-
determined value ESM.

In the first and second embodiments, the error diffusion
method 1s used for converting the mnput density 1nto a binary
value while distributing the obtained error into unprocessed
neighboring pixels. However, other various types of error
distribution binary conversion methods can be used. In any
of the error distribution binary conversion methods, densi-
fies of a plurality of pixels are successively converted into
binary values through comparing the subject pixel densities
with a predetermined threshold value, while binary conver-
sion errors, defined between the original pixel densities and
the binary values, are affected onto unprocessed neighboring
pixels. According to the present invention, the degree, at
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which the binary conversion error obtained at the subject
pixel 1s affected to 1ts neighboring unprocessed pixels, 1s
adjusted dependently on a state of the binary conversion
errors obtained at already-processed pixels which are
located preceding the subject pixel.

When a minimized average error method 1s employed, for
example, the sum of errors obtained at the already-processed
preceding pixels 1s calculated, and if the calculated value 1s
smaller than a predetermined negative value, the absolute of
the error, which will be distributed to unprocessed neigh-
boring pixels, 1s adjusted to be decreased.

The minimized average error method-employed image
conversion process according to a third embodiment of the
present invention will be described below 1n greater detail
with reference to FIGS. 8 through 10.

The minimized average error method-employed 1mage
conversion process as shown in FIG. 8 1s the same as the
error diffusion 1mage conversion process of FIG. § except
that the nput density modification process of S140 1is
replaced with another input density modification process of
S540 and that the error distribution process of S190 is
replaced with an error storage process of S590.

That 1s, according to the minimized average error method,
before being converted into a binary value, the input density
of each pixel 1s modified with fractions of errors distributed
from already-processed twelve neighboring pixels. That is,
the Input density I of the subject pixel (x, y) 1s modified in
S540 through receiving binary conversion errors, that have
been produced during binary conversion processes per-
formed already onto twelve neighboring pixels (x+1, y+j)
and that have been stored in the corresponding memory
locations 1n the error buifer 16. The mput density I of the
subject pixel (x, y) is added with the binary conversion
errors 1n a welghted basis defined by a predetermined error
diffusion matrix Cmat( ) shown in FIG. 10.

In the matrix Cmat( ), * indicates a subject pixel position
(X, y¥), and each value In the matrix indicates a coefficient to
be multiplied with an error e(x+1, y+j) obtained at a neigh-
boring already-processed pixel (x+1, y+j), that is located
relative to the subject pixel (x, y) as shown In the matrix, the
multiplied result being added to the subject pixel density 1.
Thus, error fractional portions distributed from already-
processed neighboring pixels (x+1, y+j) are added to the
mput density I. For example, the input density 1 of the
subject pixel (x, y) receives a 74s™ part of an error e(x—1, y)
from a pixel (x-1, y) that is immediately preceding the
subject pixel (X, y) on the same pixel line.

Thus, the input density I of the subject pixel (x, y) is

modified 1into a modified density I' through the following
formula (6):

V=I1+(1/48)xe(x—2, y—2)+ (6)

(3/48)xe(x—1, y—2) +
(5/48)Xelx, y—2)+

(3/48)xeix+ 1, y—2)+
(1/48)Xe(x+2, y—2)+
(3/48)xe(x =2, y— 1) +
(5/48)xe(x—1, y— 1)+
(7/48)xe(x, y— 1)+

(53/48)xe(x+ 1, y—1)+

(3/48)xe(x+2, v—1)+
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-continued
(5/48)Xex -2, y)+

(7/48)xXe(x—1, y)

The modified value I' 1s compared with the threshold T in
S150 1n the same manner as in the error diffusion image
conversion process of FIG. 5. Abinary conversion error E(X,
y) is calculated in S180 also in the same manner as in the
error diffusion 1mage conversion process of FIG. 5.

The error storage process of S590 will be described
below. This error storage process 1s for determining how to
store the produced binary conversion error E(X, y) into the
corresponding memory location (X, y) of the buffer memory
16 as a corresponding error e(X, y).

The process of S590 1s shown 1n FIG. 9. This process 1s
the same as the error diffusion process of S190 shown 1n
FIG. 6 except that the processes of S340 and S350 are
replaced with the processes of S640 and S650. That 1s, when
the judgment 1 S330 1s negative, the binary conversion
error E(X, y) 1s merely stored as the corresponding error e(X,
y). However, when the judgment in S330 is affirmative, the
binary conversion error E(x, y) is multiplied with the coef-
ficient k (where O<k<1) before being stored as the corre-
sponding error e(X, y).

Then, the sign of the adjusted error kxE(x, y) is reversed,
and 1s fractionally distributed to the neighboring already-
processed twelve pixels 1n a weighted basis defined by the
matrix Cmat( ) of FIG. 10. That is, the positive error
“—kxE(x, y)” is distributed back to the neighboring twelve
already-processed pixels 1n the weighted basis defined by
the predetermined error diffusion matrix Cmat () of FIG. 10
as expressed by the following formula:

e(x+i, y+/)+=Cmat(i,J)x|-kxE(x, v)]

where += 1s an operator for calculating a sum of a
distributed fraction of the sign-reversed adjusted error “—kx
E(x, y)” and a value already stored in the error buffer (x+i,
y+]) and for storing the calculated sum into the same error
buffer (x+1, y+j). In the matrix Cmat( ), * indicates a subject
pixel position (X, y), and each value in the matrix indicates
a coefficient to be multiplied with the error —kxE(x, y)
before being distributed to a neighboring pixel (x+1, y+4j),
which is located relative to the subject pixel (X, y) as shown
in the matrix. The thus distributed error fractional portion is
accumulated in a corresponding memory location (X+1, y+)
in the error buffer according to the above-described formula.
For example, the preceding pixel (x-1, y) on the same pixel
line with the subject pixel (x, y) receives a 74s™ part of the
error “~kxE(x, y)”. The 78" part of the error “—kxE(X, y)”
1s therefore accumulated in the corresponding memory loca-
tion (x-1, y) of the error buffer. Thus, the sign-reversed
adjusted error “—kxE(x, y)” is fractionally distributed back
to the already-processed twelve neighboring pixels (x-2,

y=2), (x-1, y=-2), (X, y=2), (x+1, y=2), and (x+2, y-2), (x-2,
y_1)= (X_ln Y—l); (X, y_l): (X'I'l: y_l)? (X+2= Y—l); (X_zn Y):
and (x-1, y).

When ES+E<ESM, 1t 1s confirmed that the errors obtained
at the already-processed preceding pixels have negative
values with large absolutes. Accordingly, the positive error
“—kxE(x, y)” 1s fractionally distributed back to the errors of
the already-processed neighboring pixels. Accordingly, a
pixel (x+1, y) to be processed next will receive, from those
already-processed neighboring pixels, errors whose abso-
lutes have been adjusted to be decreased. According to this
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adjustment operation, therefore, turned-ON dots will appear
even at the transition area from the high density region
toward the low density region. It 1s possible to prevent
occurrence of the undesirable whitened operation.

In the above-described embodiments, the binary conver-
sion process 1s achieved in the computer system side, and the
obtained pseudo-halftone image data 1s outputted from the
display 22 or the printer 24. However, the binary conversion
process can be achieved 1n the printer side.

For example, a printer 4 can be constructed as shown 1n
FIG. 11 so that the printer 4 can convert inputted continuous
tone 1mages into pseudo-halftone 1mages. The same numer-

als 1n FIG. 11 correspond to the same or like portions 1n the
device 2 of FIG. 4.

The printer 4 1s therefore constructed from: a CPU 12; a
program memory 13 constructed from a ROM,; a threshold
storage portion 14 constructed from a RAM; an error
distribution matrix storage memory 15 constructed from
another RAM; an error buffer 16 also constructed from
another RAM; an input image memory 17 also constructed
from another RAM; an output image memory 18 constructed
from st1ll another RAM; a working memory 19 constructed
from another RAM; a printing mechanism 25; and an
interface 26. Thus, the printer 4 1s the same as that of the
computer 2 of FIG. 4 except that the printer 4 1s not provided
with the key board 21, the display 22, the external storage
device 23, or the printer 24 and that the printer 4 1s provided
with the printing mechanism 25 and the interface 26.

The printing mechanism 23 is constructed from a printing,
head such as an ink jet print head for ejecting ink and a
mechanism for feeding a paper relative to the print head. The
interface 26 1s for transmitting data to and receiving data
from a host computer (not shown).

With this structure, the printer 4 receives character code
data and command data via the interface 26 from a host
computer (not shown). The printer 4 converts a continuous
tone 1mage represented by the character code data into a
pseudo-halftone 1mage through the binary conversion pro-
cess 1n the same manner as described above. Then, the
printer 4 controls the printing mechanism 25 to print the
pseudo-halftone 1mage.

Thus, the printer 4 can also obtain advantages the same as
those of the above-described embodiments.

While the invention has been described in detail waith
reference to specific embodiments thereof, it would be
apparent to those skilled 1n the art that various changes and
modifications may be made therein without departing from
the spirit of the 1invention.

For example, 1n the above description, each pixel line 1s
processed from left to right. However, each pixel line 1s
processed from right to left. Or, the successive pixel lines
can be processed both in the direction from left to right and
in the other direction from right to left. For example, the
successive pixel lines may be processed 1n the two directions
alternately.

What 1s claimed 1s:

1. A method for converting continuous tone 1mage data
into pseudo-halftone 1mage data, the method comprising the
steps of:

successively converting density data of a plurality of
pixels arranged 1n a continuous tone 1image into binary
values of ON and OFF through comparing the subject
pixel densities, which are affected by binary conversion
errors obtained for already-processed neighboring
pixels, with a predetermined threshold value, binary
conversion errors being defined as differences between
the original error-affected pixel densities and the
binary-converted pixel densities; and
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selectively decreasing an absolute value of the binary
conversion error, obtained at each subject pixel to be
affected to its neighboring unprocessed pixels, depen-
ently on a state of a binary conversion error obtained

for at least one adjacent pixel that has been succes-
sively processed immediately prior to the subject pixel.

2. A method as claimed 1n claim 1, wherein the absolute

value decreasing step includes the steps of:

calculating a sum of a binary value conversion error,
obtained at the at least one already-processed adjacent
pixel that has been successively processed immediately
prior to the subject pixel, as defining the state of the
binary conversion error obtained for the at least one
already-processed adjacent pixel;

judging whether or not the sum 1s lower than a predeter-
mined negative value; and

decreasing, when the sum 1s judged to be lower than the
predetermined negative value the absolute value of the
binary conversion error for the subject pixel to be

affected to its unprocessed neighboring pixels.

3. A method as claimed in claim 2, wherein the absolute
value decreasing step further includes the step of judging,
whether or not the subject pixel i1s turned OFF, the calcula-
fion of the sum of the binary conversion error being per-
formed when the subject pixel 1s judged to be turned OFF,
to calculate the sum of the binary conversion error, obtained
at the at least one already-processed adjacent pixel that has
been successively processed immediately prior to the subject
pixel and that has been successively converted into a binary
value of OFF.

4. A method as claimed 1n claim 3, wherein the sum
calculating step further includes the step of setting, to a
value of zero, the sum of the binary conversion error when
it 1s judged that the subject pixel 1s turned ON.

5. A method as claimed 1n claim 3, wherein the sum 1s
calculated as including not only the binary conversion error
produced at the at least one already-processed adjacent pixel
but also the binary conversion error produced at the subject
pixel.

6. A method as claimed 1n claim 2, wherein the absolute
value decreasing step includes the step of multiplying the
binary conversion error obtained at the subject pixel by a
predetermined coefficient which i1s higher than zero and
lower than one.

7. A method as claimed 1n claim 6, wherein the succes-
sively converting step includes the step of converting den-
sity data of each pixel into a binary value through comparing
the pixel density, modified by an error diffused from already-
processed neighboring pixels, with a predetermined thresh-
old value through an error diffusion method, the binary
conversion error being diffused 1nto its unprocessed neigh-
boring pixels when the sum of the binary conversion errors
for the at least one already-processed adjacent pixel is
judged as equal to or higher than the predetermined negative
value, the binary conversion error as multiplied with the
predetermined coellicient being diffused 1nto 1ts unprocessed
neighboring pixels when the sum of the binary conversion
error for the at least one already-processed adjacent pixel 1s
judged as lower than the predetermined negative value.

8. A method as claimed 1n claim 6, wherein the succes-
sively converting step includes the step of converting den-
sity data of each pixel into a binary value through comparing
the pixel density, modified by errors distributed from
already-processed neighboring pixels, with a predetermined
threshold value through a minimized average error method,
the binary conversion error being stored to be used by its
unprocessed neighboring pixels when the sum of the binary
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conversion errors for the at least one already-processed
adjacent pixel 1s judged as equal to or higher than the
predetermined negative value, the binary conversion error as
multiplied with the predetermined coeflicient being stored to
be used by its unprocessed neighboring pixels when the sum
of the binary conversion error for the at least one already-
processed adjacent pixel 1s judged as lower than the prede-
termined negative value.

9. A method as claimed 1n claim 8, wherein a sign of the
binary conversion error as multiplied with the predetermined
coellicient 1s reversed and 1s further distributed onto the
already-processed neighboring pixels to be used by 1ifs
unprocessed neighboring pixels when the sum of the binary
conversion error for the at least one already-processed
adjacent pixel 1s judged as lower than the predetermined
negative value.

10. A method as claimed 1n claim 1, wherein the at least
one already-processed adjacent pixel include a predeter-
mined number of plurality of successive pixels that are
arranged between an immediately-preceding pixel that has
been processed immediately before the subject pixel and
another pixel that has been processed the predetermined
number of times’ worth of processes prior to the processing
of the subject pixel.

11. A program storage medium for storing data of a
program 1ndicative of a process for converting continuous
tone 1mage data 1nto pseudo-halftone 1mage data, the pro-
gram Comprising:

a program of successively converting density data of a
plurality of pixels arranged 1n a continuous tone 1mage
into binary values of ON and OFF through comparing,
the subject pixel densities, which are affected by binary
conversion errors obtained for already-processed
neighboring pixels, with a predetermined threshold
value, binary conversion errors beg defined as differ-
ences between the original error-affected pixel densities
and the binary-converted pixel densities; and

a program of selectively decreasing an absolute value of
the binary conversion error obtained at each subject
pixel to be affected to its neighboring unprocessed
pixels, dependently on a state of a binary conversion
error obtained for at least one adjacent pixel that has
been successively processed immediately prior to the
subject pixel.

12. A printer for converting continuous tone 1image data

into pseudo-halftone image data and for printing the pseudo-
halftone 1mage, the printer comprising;:

means for successively converting density data of a
plurality of pixels arranged 1n a continuous tone 1mage
into binary values of ON and OFF through comparing,
the subject pixel densities, which are affected by binary
conversion errors obtained for already-processed
neighboring pixels, with a predetermined threshold
value, binary conversion errors being defined as dif-
ferences between the original error-affected pixel den-
sities and the binary-converted pixel densities;

means for selectively decreasing an absolute value of the
binary conversion errors obtained at each subject pixel
to be affected to 1ts neighboring unprocessed pixels,
dependently on a state of a binary conversion error
obtained for at least one adjacent pixel that has been
successively processed immediately prior to the subject
pixel; and
means for printing a pseudo-halftone 1mage based on the
binary value obtained for each pixel.
13. A program storage medium for storing data of a
program indicative of a process for converting continuous
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tone 1mage data into pseudo-halftone 1image data, the pro-
gram Comprising:

a program of successively converting density data of a
plurality of pixels arranged 1n a continuous tone 1mage

22

wherein the adjusting program includes:
a program of calculating a sum of binary conversion
errors, obtained at the already-processed adjacent
pixels, as defining the state of the binary conversion

into binary values of ON and OFF through comparing s errors obtained for the already-processed adjacent

the subject pixel densities, which are affected by binary pixels;

copversi'?n CITOIS obyained for alre{:ldy-processed a program of judging whether or not the sum 1s lower

neighboring pixels, with a predetermined threshold than a predetermined negative value; and

value, binary conversion errors bemg defined as dit- a program of decreasing the degree, at which the binary

i?trieezcaez dbflt]?iiﬁzfrh; 5;:1%1;12?;?;3ﬁeecézgiglengen' 10 conversion error for the subject pixel 1s atfected to 1ts
] ‘ unprocessed neighboring pixels,

a program of adjusting the degree, at which the binary h .p he d dg .g P - Tud
conversion error obtained at each subject pixel 1is wiheteln F eglrf:;el facreailnngrogram HICILIELS 4 pIo-
affected to 1ts neighboring unprocessed pixels, depen- gram ol mulliplying the binary conversion error

ently on a state of binary conversion errors obtained < obtained at the subject pixel by a predetermined coet-
for already-processed pixels located adjacent to the ficient which 1s higher than zero and lower than one,
subject pixel, and

wherein the adjusting program includes: wherein the successively converting program includes a
a program of calculating a sum of binary conversion program ol converting density data of each pixel into a

errors, obtained at the already-processed adjacent binary value through comparing the pixel density,

pixels, as defining the state of the binary conversion 2" modified by errors distributed from already-processed

CITOIS obtained for the alrcady-processed adjacent neighboring pixels, with a predetermined threshold

pixels; o _ V{:lllle through a minimizeq average error method, the

a Iglogfam Ofdﬂ?tldglﬂ_g nghethe; O1 ﬂolt the Slilm is lower binary conversion error being stored to be used by its

all a preaciernined negallve vaiue, dil unprocessed neighboring pixels when the sum of the

4 prograii .Of decreasing the df-fgree,.at V”ThiCh the binay y 2 bié)ary COHV@I‘Si%I] errogrsp for the already-processed

Eznjgzzlgégr;g fgé;?iensubji?;flxel 1s affected to 1ts adjacent pixels 1s judged as equal to or higher than the

whereinp the degree dgecreasirgl y ro ;‘am includes a pro- predetermmeq negative value, the bm:a RO S

f glt' lvine th ng S . P error as multiplied with the predetermined coetlicient

stalll 0L HIUILPLYHS e DALY - CONVOISION “CHIoT being stored to be used by its unprocessed neighboring,
obtained at the subject pixel by a predetermined coef- 3g

ficient which 1s higher than zero and lower than one,
and

wherein the successively converting program includes a
program of converting density data of each pixel mto a

pixels when the sum of the binary conversion errors for
the already-processed pixels 1s judged as lower than the
predetermined negative value.

15. A program storage medium as claimed 1n claim 14,

whereln a sign of the binary conversion en-or as multiplied
with the predetermined coefficient 1s reversed and is further
distributed onto the already-processed neighboring pixels to
be used by 1ts unprocessed neighboring pixels when the sum
of the binary conversion errors for the already-processed
adjacent pixels 1s judged as lower than the predetermined
negative value.

16. A printer for converting continuous tone 1image data
into pseudo-halftone image data and for printing the pseudo-
halftone 1mage, the printer comprising;:

means for successively converting density data of a
plurality of pixels arranged 1n a continuous tone 1mage
into binary values of ON and OFF through comparing
the subject pixel densities, which are affected by binary
conversion errors obtained for already-processed
neighboring pixels, with a predetermined threshold
value, binary conversion errors being defined as dif-
ferences between the original error-atfected pixel den-

binary value through comparing the pixel density, ;s
modified by an error diffused from already-processed
neighboring pixels, with a predetermined threshold
value through an error diffusion method, the binary
conversion error being diffused into 1ts unprocessed
neighboring pixels when the sum of the binary conver- 4
sion errors for the already-processed adjacent pixels 1s
judged as equal to or higher than the predetermined
negative value, the binary conversion error as multi-
plied with the predetermined coeflicient being ditfused
into 1ts unprocessed neighboring pixels when the sum 45
of the binary conversion errors for the already-
processed adjacent pixels 1s judged as lower than the
predetermined negative value.

14. A program storage medium for storing data of a
program 1ndicative of a process for converting continuous sg
tone 1mage data into pseudo-halftone 1image data, the pro-
gram COmprising;:

a program of successively converting density data of a
plurality of pixels arranged 1n a continuous tone 1mage

sities and the binary-converted pixel densities;
means for adjusting the degree, at which the binary

into binary values of ON and OFF through comparing 55 conversion error obtained at each subject pixel 1s
the subject pixel densities, which are affected by binary affected to 1ts neighboring unprocessed pixels, depen-
conversion errors obtained for already-processed dently on a state of binary conversion errors obtained
neighboring pixels, with a predetermined threshold for already-processed pixels located adjacent to the
value, binary conversion errors being defined as dit- subject pixel; and

ferences between the original error-affected pixel den- ¢p  means for printing a pseudo-halttone 1mage based on the
sities and the binary-converted pixel densities; and binary value obtained for each pixel,

a program of adjusting the degree, at which the binary wherein the adjusting means includes:

conversion error obtained at each subject pixel 1is means for calculating a sum of binary conversion
alfected to its neighboring unprocessed pixels, depen- errors, obtained at the already-processed adjacent
dently on a state of binary conversion errors obtained 65 pixels, as defining the state of the binary conversion

for already-processed pixels located adjacent to the
subject pixel,

errors obtained for the already-processed adjacent
pixels;
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means for judging whether or not the sum 1s lower than
a predetermined negative value; and

means for decreasing the degree, at which the binary
conversion error for the subject pixel 1s affected to its
unprocessed neighboring pixels,

wherein the degree decreasing means imncludes means for
multiplying the binary conversion error obtained at the
subject pixel by a predetermined coeflicient which 1s
higher than zero and less than one, and

wherein the successively converting means includes
means for converting density data of each pixel mto a
binary value through comparing the pixel density,
modified by an error diffused from already-processed
neighboring pixels, with a predetermined threshold
value through an error diffusion method, the binary
conversion error being diffused into 1ts unprocessed
neighboring pixels when the sum of the binary conver-
sion errors for the already-processed adjacent pixels 1s
judged as equal to or higher than the predetermined
negative value, the binary conversion error as multi-
plied with the predetermined coeflicient being diffused
into 1ts unprocessed neighboring pixels when the sum
of the binary conversion errors for the already-
processed adjacent pixels 1s judged as lower than the
predetermined negative value.

17. A printer for converting continuous tone 1mage data

into pseudo-halftone 1mage data and for printing the pseudo-
halftone 1mage, the printer comprising;:

means for successively converting density data of a
plurality of pixels arranged 1n a continuous tone 1image
into binary values of ON and OFF through comparing
the subject pixel densities, which are affected by binary
conversion errors obtained for already-processed
neighboring pixels, with a predetermined threshold
value, binary conversion errors being defined as dif-
ferences between the original error-affected pixel den-
sities and the binary-converted pixel densities;

means for adjusting the degree, at which the binary

conversion error obtaimned at each subject pixel 1is
alfected to its neighboring unprocessed pixels, depen-
dently on a state of binary conversion errors obtained
for already-processed pixels located adjacent to the
subject pixel; and
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means for printing a pseudo-halftone 1image based on the
binary value obtained for each pixel,

wherein the adjusting means includes:

means for calculating a sum of binary conversion
errors, obtained at the already-processed adjacent
pixels, as defining the state of the binary conversion
errors obtained for the already-processed adjacent
pixels;

means for judging whether or not the sum 1s lower than
a predetermined negative value; and

means for decreasing the degree, at which the binary
conversion error for the subject pixel 1s atfected to 1ts
unprocessed neighboring pixels,

wherein the degree decreasing means includes means for
multiplying the binary conversion error obtained at the
subject pixel by a predetermined coeflicient which 1s
higher than zero and lower than one, and

wherein the successively converting means includes
means for converting density data of each pixel mto a
binary value through comparing the pixel density,
modified by errors distributed from already-processed
neighboring pixels, with a predetermined threshold
value through a minimized average error method, the
binary conversion error being stored to be used by its
unprocessed neighboring pixels when the sum of the
binary conversion errors for the already-processed
adjacent pixels 1s judged as equal to or higher than the
predetermined negative value, the binary conversion
error as multiplied with the predetermined coefficient
being stored to be used by its unprocessed neighboring
pixels when the sum of the binary conversion errors for
the already-processed adjacent pixels 1s judged as
lower than the predetermined negative value.

18. A printer as claimed 1n claim 17, wherein a sign of the
binary conversion error as multiplied with the predetermined
coeflicient 1s reversed and 1s further distributed onto the
already-processed neighboring pixels to be used by 1ifs
unprocessed neighboring pixels when the sum of the binary
conversion errors for the already-processed adjacent pixels
1s judged as lower than the predetermined negative value.
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